INTRODUCTION
ABSTRACT: Chianina is the tallest and heaviest beef cattle breed in the world and 1 of the most appreciated breeds on the Italian meat market. A selection program focused on improving Chianina carcass quality could provide a further economic advantage to Chianina breeders. However, the current European carcass scoring system [i.e., the SEUROP (S=superior, E=excellent, U= very good, R=good, O=fair, and P=poor) grid] is not suitable for use in selective breeding programs; methods based on carcass cuts would be much more efficient. Here, the genetic parameters of weights and yields (percentage of carcass weight) of the main commercial cuts were estimated on 842 Chianina carcasses (heifers and bullocks) using a mixed model that takes into account the fixed effects of herd, year of slaughter, and sex and the random additive effect of the animal; the carcass weight was also considered in cuts yield. The average carcass weights were 492.6 ± 86.52 kg (males) and 312.1 ± 68.74 kg (females), and the largest cut was the round, with a weight of 58.6 ± 19.35 kg and yield of 24.4 ± 1.28% in males and 40.2 ± 17.59 kg and 25.3 ± 1.41% in females. The variability in cut weight was greater than that in yield percentage. The cut weight heritabilities ranged from 0.74 (chuck) to 0.21 (short plate) whereas the yield heritabilities ranged from 0.88 (loin) to 0.40 (brisket). The genetic correlations were generally high and positive between weights; correlation values with yields were lower and could be positive or negative. These findings suggest that a selection program to improve the carcass quality of Chianina beef using cuts data could potentially achieve good results. tion is the study by Koch et al. (1982) . The genetic determinants of specific traits in Chianina cattle have mainly been studied for reproductive (Panella et al., 1988; Franci et al., 1998) and morphological traits (Sarti et al., 2001; Forabosco et al., 2005) .
The estimates of heritabilities and genetic and phenotypic correlations among carcass cuts are potentially important to select animals with a different cut composition, which is based on differences in muscle characteristics (Von Seggern et al., 2005) .
The aim of this study was to estimate the genetic parameters of the wholesale cuts to check the feasibility of selection for carcass composition traits in Chianina breeding programs.
MATERIALS AND METHODS
All experimental procedures were reviewed and approved by the Animal Research Ethics Committee of the University of Perugia.
Data
The 932 Chianinas included in this analysis (798 males and 134 females) were born between August 2006 and April 2009 in 50 commercial herds in Tuscany and Umbria (central Italy). The animals were weaned at 5 to 6 mo of age, as it is usual for Chianina, and then they were raised to slaughtering age in the herd of their birth (n = 818) or in fattening centers (n = 114). Males were not castrated, according to standard Italian beef management practices. All animals were slaughtered in the same commercial facility at mean ages of 652.4 d (males) and 583.2 d (heifers). Body weight was not measured because the slaughterhouse was not equipped with an appropriate structure. After a 16 to 18 d chill period, the carcasses were processed into wholesale cuts. Carcass cutting was done under the abattoir commercial condition (Jones et al., 2004) . The cold carcass weight and weights and yields on the right half carcass weights of forequarter cuts [brisket, fore shank, chuck, rib, and short plate] and hindquarter [round and loin] were recorded. Other cuts were not considered because they were obtained in different ways during the large experimental period based on varying commercial needs.
A pedigree file, tracing back 17 generations, was obtained from the Chianina Herdbook (http://www.anabic. it/); this file contained 7,206 animals, including parents and ancestors without record, and identification number of animal, sire and dam in pedigree (ID) were renumbered by PEDIGREE VIEWER software (version 6.4b; http:// www-personal.une.edu.au/~bkinghor/pedigree.htm).
Statistical Analysis
Preliminary Analyses. Before the estimation of genetic parameters, descriptive statistics such as mean and CV = S/( X × 100) and preliminary analyses for each carcass trait were performed using the GLM procedure (SAS Inst. Inc., Cary, NC) to determine fixed class effects and fixed regressions that were important sources of variation. The fixed effects included in the full model were sex (male or female), year of slaughter (2006, 2007, 2008, and 2009) , and herd or size of herd (4 levels: fewer than 15 cows, 16 to 50 cows, more than 50 cows, and fattening center); carcass weight and slaughter age were considered as fixed regressions. Backward elimination analyses were run by removing the class effects and regressions that were not significantly different from 0 (P ≤ 0.05). The effect of carcass weight was not significant in these preliminary analyses, and only the linear effect of slaughter age was included in the final model. However, to account for the part-whole relationship between carcass weight and wholesale cuts, the phenotypic correlations between weights and between yields were also estimated as partial correlations, with the data adjusted for carcass weight.
Contemporary groups were defined as herd × year of slaughter × sex. Groups with fewer than 5 animals were removed from the analysis, reducing the number of observations to 842 (724 males and 118 females).
Univariate Analyses with Restricted Maximum Likelihood. Components of variance and heritabilities and their standard errors for each carcass trait were estimated for a single-trait animal model by derivative-free REML (Smith and Graser, 1986 ) with a simplex algorithm using a MTD-FREML program (http://aipl.arsusda.gov/curtvt/mtdfreml. html; Boldman et al., 1995) . The statistical model to analyze carcass weight as well as wholesale cuts included all of the fixed effects mentioned above as well as the additive genetic random effect of animals.
The starting values of the genetic and environmental variances used were based on the phenotypic variances estimated in the preliminary analyses, and convergence was declared when the variance of the simplex was less than 10 -9 .
The model can be represented as y = Xβ + Za + e, in which y is the vector of measurements for a particular carcass trait, β is the vector of fixed effects, a is the vector of the additive genetic effects of the animals, X is a known incidence matrix relating observations to fixed effects in vector β, Z is a known incidence matrix relating observations to random additive genetic effects in vector a, and e is an unknown vector of random environmental effects. The expected values and covariances for random effects in the model were assumed as follows: , in which A is the matrix of Wright's additive numerator relationships among all animals in the pedigree, σ 2 a is the direct additive genetic variance, σ 2 e is the environmental variance, and I N is an identity matrix with the order of the total observations. Two-Trait Analyses with Restricted Maximum Likelihood. Two-trait analyses using the model described previously were performed to estimate genetic and environmental correlations between all possible pairs of carcass traits. Analyses were conducted with MTDFREML, and the estimates of variance components obtained from single-trait analyses were used as starting values for bivariate analyses, with covariances initially set to guessed intermediate values. Local convergence was declared when the variance of the simplex was less than 10 -6 , after which several further trials were made to search for a global maximum.
RESULTS AND DISCUSSION
The average carcass weights were 492.6 and 312.1 kg for males and females, respectively (Table 1 ). The round was the largest cut, and the weight and yields were 58.6 kg and 24.4% (males) and 40.2 kg and 25.3% (females). Taking into consideration that Chianina cattle are larger than other breeds, these results are similar to those obtained by Cundiff et al. (1969) in Hereford, Angus, and Shorthorn steers and all their possible reciprocal crosses. The round was also observed to be the largest wholesale cut in Hereford and Angus steers by Brackelsberg et al. (1971) and by Pabiou et al. (2009) in 578 carcasses of different breeds.
The loin weights were 37.8 and 27.7 kg for males and females, and the yields were 15.5 and 17.3%. These values are very close to those observed by Cundiff et al. (1969) and by Pabiou et al. (2009) .
The chuck was also a heavy cut; the average weights and yields were 33.4 kg and 13.6% in males and 16.5 kg and 10.5% in females.
As yield percentages were ratio of wholesale cuts to carcass weight, the CV are always smaller for the yields than for the weights that are probably more affected by differences in cutting between the operators.
The applied model explains different amounts of variability among the wholesale cut weights ( Table 2 ). The whole carcass weight exhibited the greatest coefficient of determination (R 2 = 0.75); among the cut weights, the greatest values of R 2 were estimated for the round (0.74) and chuck (0.72) whereas the lowest value was estimated for the rib (0.39). The R 2 values for the yield traits were lower than those for the weight, particularly in brisket, fore shank, round and rib; this is because yield is an already adjusted ratio and also because of the smaller differences between sexes, as reported in Table 1 . 1 CAR = carcass weight; BRI = brisket; FS = fore shank; CH = chuck; RIB = rib; SP = short plate; RND = round; LOIN = loin. Table 3 . Phenotypic correlations between wholesale cuts (above diagonal) and yields percentages (below diagonal) and carcass weight 1 As expected, the phenotypic correlations between all the weights were always strong and positive. In contrast, the phenotypic correlations between yields were small and actually negative in many cases, particularly among the forequarter and hindquarter cuts (Table 3 ). This is because the weight of the cuts from the same carcass depends strictly on the whole-carcass weight, but this is not true for the yields; as a matter of fact the partial correlation coefficients estimated based on the adjusted carcass weight data (Table 4) are less than those estimated based on unadjusted data only for the weights.
The heritabilities and genetic and environmental correlations among cut weights are presented in Table 5 . The carcass weight heritability was 0.64, very similar to the values obtained by others (Cundiff et al., 1969; Brackelsberg et al., 1971; Koch et al., 1982; Riley et al., 2002; Cantet et al., 2003; Rios Utrera et al., 2005; Pabiou et al., 2009; Morris et al., 2010) . The heritabilities of the round and the loin, which are the most valuable cuts, are high (0.70 and 0.63 respectively), and also the chuck reached a heritability greater than 0.70. The weights of the other cuts are moderately or weakly heritable, with heritabilities ranging between 0.52 (rib) and 0.21 (short plate). The estimates found in this study are generally within the range of estimates reported by previous workers. Cundiff et al. (1969) The genetic correlations found here tended to be high and were very close to the phenotypic correlations; they were also similar to those obtained by Cundiff et al. (1969) and Brackelsberg et al. (1971) for similar traits. However, the environmental correlations were also high, which might reflect that the animals were all raised in a relatively small area of central Italy and therefore subjected to similar environments.
In general, the cut percentages are more heritable than weights, except for the brisket, most likely because the effect of carcass size on yields is very low (Table 6 ). More specifically, the fore shank, rib, short plate, round, and loin showed heritability values greater than 0.70 and the chuck showed heritability value close to 0.60.
The genetic and environmental correlations among the yields are generally less than those estimated among the cut weights and were below 0.30 in several cases. To the best of our knowledge, only 1 previous study (Cundiff et al., 1969) estimated the genetic parameters for cuts as a proportion of the carcass; other researchers (Dinkel and Busch, 1973; Benyshek, 1981; Koch et al., 1982; Rios Utrera et al., 2005) reported only the percentage of the total retail product. The values of heritabilities and correlations reported by these authors are similar to those estimated in the Chianina cattle here.
The estimation of genetic parameters represents a first step toward the improvement of Chianina carcass value through selective breeding. High heritabilities and strong genetic correlations among cuts were estimated; these preliminary results allow us to hypothesize the possibility to apply in the future a selection program on carcass cuts. Deeper studies on larger samples to obtain more reliable estimates are necessary. Moreover, to make possible the selection on carcass composition, the beef industry has to make a special effort to gather data from carcass dissection. 
